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(57) ABSTRACT 
A computer-implemented technique is presented. The tech 
nique can include receiving, at a computing device compris 
ing one or more processors, a first input from a user, the first 
input including one or more first characters in a first language. 
The technique can provide for Suggestion of potential trans 
literations to a second language of potential words beginning 
with the one or more first characters. The technique can 
present the potential transliterations in either an off-the-spot 
input configuration or an inline input configuration. The user 
can then select one of the potential transliterations. The tech 
nique can also provide the one or more first characters as an 
additional or partial word as a potential selection for the user. 
In this manner, the user can also select the exact one or more 
first characters that were input to the computing device. 
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TECHNIQUES FOR PREDICTIVE INPUT 
METHOD EDITORS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application is a continuation of U.S. patent 
application Ser. No. 13/442,971, filed Apr. 10, 2012. The 
entire disclosure of the above application is incorporated 
herein by reference. 

FIELD 

0002 The present disclosure relates to input method edi 
tors (IMEs) for computing devices and, more particularly, to 
techniques for predictive IMEs. 

BACKGROUND 

0003. The background description provided herein is for 
the purpose of generally presenting the context of the disclo 
sure. Work of the presently named inventors, to the extent it is 
described in this background section, as well as aspects of the 
description that may not otherwise qualify as prior art at the 
time offiling, are neither expressly nor impliedly admitted as 
prior art against the present disclosure. 
0004. A “computing device’ generally refers to a device 
including a user interface and one or more processors. A 
computing device can be a stationary device. Such as a desk 
top computer, or a mobile device. Such as a laptop computer, 
a tablet computer, a mobile phone, and the like. The user 
interface of the computing device can include a display and 
other user input devices (a keyboard, a mouse, etc.). The 
display may also be a touch display and therefore may display 
information and receive user input. The one or more proces 
sors of the computing device may be configured to execute 
one or more input method editors (IMEs). IMEs refer to 
Software programs, e.g., applications, which allow a user to 
input text to the computing device in a plurality of languages. 
Some languages, however, have different written scripts. For 
example, English includes Latin or Roman alphabet-based 
characters, whereas Chinese includes on thousands of logo 
gram-based characters. 

SUMMARY 

0005. A computer-implemented technique is presented. 
The technique can include receiving, at a computing device 
comprising one or more processors, a first input from a user. 
The first input can include one or more first characters in a 
first language. The technique can include determining, at the 
computing device, a plurality of first words in a second lan 
guage based on the first input. The plurality of first words can 
represent potential transliterations of a plurality of second 
words from the first language to the second language, respec 
tively. Each of the plurality of second words can be a potential 
word beginning with the one or more first characters. The 
technique can include determining, at the computing device, 
a probability score for each of the plurality of first words 
using a language model. The probability Score for a specific 
first word can indicate a likelihood that (i) a specific second 
word corresponding to the specific first word is an appropriate 
word beginning with the one or more first characters and (ii) 
the specific first word is an appropriate transliteration of the 
specific second word. The technique can include determin 
ing, at the computing device, a first sequence of words based 
on the plurality of first words and their corresponding prob 
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ability scores. The first sequence of words can include the 
plurality of first words being ordered from a highest relative 
probability score to a lowest relative probability score. The 
technique can include removing, at the computing device, a 
first word from the first sequence of words to obtain a modi 
fied first sequence of words. The first word can have the 
highest relative probability score. The technique can include 
generating, at the computing device, a second sequence of 
words based on the modified first sequence of words and an 
additional word comprising the one or more first characters. 
The second sequence of words can include the additional 
word as a last word in the second sequence of words. The 
technique can include providing, in a first area of a display of 
the computing device, the first word from the first sequence of 
words. The technique can include providing, in a second area 
of the display of the computing device, the second sequence 
of words and corresponding indications of their relative prob 
ability scores. The second area can be different than the first 
area. The technique can include receiving, at the computing 
device, a second input indicating a selection by the user of the 
first word or one of the second sequence of words, the second 
input being used to obtain a selected input. The technique can 
also include providing, at the display of the computing 
device, the selected input. 
0006 Another computer-implemented technique is also 
presented. The technique can include receiving, at a comput 
ing device comprising one or more processors, a first input 
from a user. The first input can include one or more first 
characters in a first language. The technique can include 
determining, at the computing device, a plurality of first 
words in a second language based on the first input. The 
plurality of first words can represent potential transliterations 
of a plurality of second words from the first language to the 
second language, respectively. Each of the plurality of second 
words can be a potential word beginning with the one or more 
first characters. The technique can include determining, at the 
computing device, a probability score for each of the plurality 
of first words using a language model. The probability score 
for a specific first word can indicate a likelihood that (i) a 
specific second word corresponding to the specific first word 
is an appropriate word beginning with the one or more first 
characters and (ii) the specific first word is an appropriate 
transliteration of the specific second word. The technique can 
include determining, at the computing device, one of the 
plurality of first words having a highest relative probability 
score to obtain a selected first word. The technique can 
include providing, in a first area of a display of the computing 
device, the selected first word. The technique can also include 
providing, in a second area of the display of the computing 
device, (i) a remainder of the plurality of first words and 
corresponding indications of their relative probability scores 
and (ii) the one or more first characters and a corresponding 
indication of a lowest relative probability score. 
0007. In some embodiments, the first and second areas can 
be arranged in an off-the-spot configuration. 
0008. In other embodiments, the first and second areas can 
be located within a text editing area, the text editing area 
being separate from a text input area including a cursor. 
0009. In some embodiments, the first area can be located 
above the second area within the text editing area and below 
the text input area. 
0010. In other embodiments, the technique can further 
include receiving, at the computing device, a second input 
indicating a selection by the user of the selected first word, 
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one of the remainder of the plurality of first words, or the one 
or more first characters, the second input being used to obtain 
a selected input. 
0011. In some embodiments, the technique can further 
include displaying, in the text input area of the display of the 
computing device, the selected input. 
0012. In other embodiments, the first and second areas can 
be arranged in an inline configuration. 
0013. In some embodiments, the first area can be a text 
input area including a cursor, and the second area can be a text 
editing area located below the first area. 
0014. In other embodiments, the technique can further 
include receiving, at the computing device, a second input 
indicating a selection by the user of the selected first word, 
one of the remainder of the plurality of first words, or the one 
or more first characters, the second input being used to obtain 
a selected input. 
0015. In some embodiments, the technique can further 
include replacing, in the text input area of the display of the 
computing device, the one or more first characters with the 
selected input. 
0016 A computing device comprising one or more pro 
cessors is also presented. The computing device can include a 
user interface and a user interface control module. The user 
interface can be configured to receive a first input from a user, 
the first input including one or more first characters in a first 
language. The user interface control module can be config 
ured to determine a plurality of first words in a second lan 
guage based on the first input. The plurality of first words can 
represent potential transliterations of a plurality of second 
words from the first language to the second language, respec 
tively. Each of the plurality of second words can be a potential 
word beginning with the one or more first characters. The user 
interface control module can be further configured to deter 
mine a probability score for each of the plurality of first words 
using a language model. The probability Score for a specific 
first word can indicate a likelihood that (i) a specific second 
word corresponding to the specific first word is an appropriate 
word beginning with the one or more first characters and (ii) 
the specific first word is an appropriate transliteration of the 
specific second word. The user interface control module can 
be further configured to determine one of the plurality of first 
words having a highest relative probability score to obtain a 
selected first word. The user interface can be further config 
ured to provide the selected first word in a first area of a 
display of the computing device. The user interface can be 
further configured to provide (i) a remainder of the plurality 
of first words and corresponding indications of their relative 
probability scores and (ii) the one or more first characters and 
a corresponding indication of a lowest relative probability 
score, in a second area of the display of the computing device. 
0017. In some embodiments, the first and second areas can 
be arranged in an off-the-spot configuration. 
0.018. In other embodiments, the first and second areas can 
be located within a text editing area, the text editing area 
being separate from a text input area including a cursor. 
0019. In some embodiments, the first area can be located 
above the second area within the text editing area and below 
the text input area. 
0020. In other embodiments, the user interface can be 
further configured to receive a second input indicating a 
selection by the user of the selected first word, one of the 
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remainder of the plurality of first words, or the one or more 
first characters, the second input being used to obtain a 
selected input. 
0021. In some embodiments, the user interface can be 
further configured to display the selected input in the text 
input area of the display of the computing device. 
0022. In other embodiments, the first and second areas can 
be arranged in an inline configuration. 
0023. In some embodiments, the first area can be a text 
input area including a cursor, and the second area can be a text 
editing area located below the first area. 
0024. In other embodiments, the user interface can be 
further configured to receive a second input indicating a 
selection by the user of the selected first word, one of the 
remainder of the plurality of first words, or the one or more 
first characters, the second input being used to obtain a 
selected input. The user interface can be further configured to 
replace the one or more first characters with the selected input 
in the text input area of the display of the computing device. 
0025. Further areas of applicability of the present disclo 
sure will become apparent from the detailed description pro 
vided hereinafter. It should be understood that the detailed 
description and specific examples are intended for purposes 
of illustration only and are not intended to limit the scope of 
the disclosure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0026. The present disclosure will become more fully 
understood from the detailed description and the accompa 
nying drawings, wherein: 
0027 FIG. 1 is a schematic illustration showing interac 
tion between a user and a computing device; 
0028 FIG. 2 is a functional block diagram illustrating the 
example computing device of FIG. 1 according to some 
implementations of the present disclosure; and 
0029 FIG. 3 is a functional block diagram of the example 
input control module of FIG. 2; 
0030 FIGS. 4A-4B are schematic illustrations of example 
information provided to the user at the display of the com 
puting device of FIG. 2; 
0031 FIG. 5 is a flow diagram illustrating an example 
technique for a predictive input method editor (IME) accord 
ing to Some implementations of the present disclosure; and 
0032 FIG. 6 is a flow diagram illustrating another 
example technique for a predictive IME according to some 
implementations of the present disclosure. 

DETAILED DESCRIPTION 

0033 Referring now to FIG. 1, interaction between a user 
108 and an example computing device 100 is illustrated. 
While the computing device 100 is illustrated as a mobile 
device, e.g., a mobile phone, it should be appreciated that the 
computing device 100 can be any suitable computing device 
having a user interface and one or more processors. The user 
108 can interact with the computing device at a display 104. 
The display 104 can display information to the user 108 and 
receive input from the user 108 (also known as a “touch 
display'). For example, the user 108 can provide input at the 
display 104 using one or more fingers 112. While the display 
104 is illustrated as a touch display, it should be appreciated 
that the display 104 can be any suitable display. 
0034 AS previously mentioned, some languages have dif 
ferent written scripts. For example, English includes Latin or 
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Roman alphabet-based characters, whereas Chinese includes 
thousands of logogram-based characters. Due to size con 
straints, however, a user interface of a computing device may 
include or may be capable of displaying a limited number of 
characters. For example, as shown in FIG. 1, the display 104 
of the computing device 100 only displays English characters 
to the user 108. The IME software, therefore, may provide for 
transliteration between languages. Transliteration refers to a 
process of converting one Script to another Script. For 
example, the IME software may perform transliteration from 
English to Chinese. It should be that, although the present 
disclosure is described with respect to transliteration decod 
ing, any form of decoding algorithm that converts one script 
to another script may be utilized, e.g., shape-based decoding. 
As used herein the term “transliteration' is intended to 
include any form of decoding algorithm for converting one 
Script to another Script (transliteration, shape-based decod 
ing, etc.). 
0035. Accordingly, techniques for predictive IMEs are 
presented. The techniques generally provide for more accu 
rate user input, faster user input, and/or an improved user 
experience. The techniques can be applied to both an off-the 
spot input configuration and an inline input configuration. It 
should be appreciated that the techniques could also be 
applied to other input configurations. The off-the-spot input 
configuration refers to a text editing area being located below 
a text input area. The text editing area refers to an area of a 
display in which text editing is performed, e.g., transliteration 
is selected, whereas the text input area refers to an area of the 
display in which the text is finally “input' to the computing 
device, e.g., for text messaging or e-mailing. The inline input 
configuration, on the other hand, refers to the text editing area 
being the same as (or “inline' with) the text input area. 
0036. The techniques include receiving, at a computing 
device including one or more processors, a first input from a 
user, the first input including one or more characters in a first 
language, e.g., English. The first language may represent a 
transliteration of a second language, e.g., Chinese. In other 
words, the first language may be a phonetic representation of 
the second language. For example, Pinyin is a transliteration 
of Chinese. It should be appreciated that the second language 
can be any language having a different written script than the 
first language. For example only, the second language could 
be Japanese, Korean, or Hindi. The techniques include deter 
mining, at the computing device, a plurality of first words in 
the second language based on the first input. The plurality of 
first words can represent potential transliterations of a plural 
ity of second words from the first language to the second 
language, respectively. Each of the plurality of second words 
can be potential words beginning with the one or more first 
characters. 

0037. The techniques include determining, at the comput 
ing device, a probability score for each of the plurality of first 
words using a language model. The probability Score for a 
specific first word indicating a likelihood that (i) a specific 
second word to the specific first word is an appropriate word 
beginning with the one or more first characters and (ii) the 
specific first word is an appropriate transliteration of the 
specific second word. The techniques include determining, at 
the computing device, one of the plurality of first words 
having a highest relative probability score to obtain a selected 
first word. More specifically, after determining the probabil 
ity score for each of the plurality of first words, the plurality 
of first words can be “ordered’ or “ranked according to their 
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probability scores, e.g., from high to low. In some implemen 
tations, the techniques can determine a sequence of the plu 
rality of first words using their probability scores. 
0038. The techniques include providing, in a first area of 
the display of the computing device, the selected first word. In 
Some implementations, the selected first word may be 
removed from the sequence to obtain a modified sequence. 
The techniques include providing, in a second area of the 
computing device, (i) a remainder of the plurality of first 
words and corresponding indications of their relative prob 
ability Scores and (ii) the one of more first characters and a 
corresponding indication of a lowest probability score. In 
Some implementations, the one or more first characters may 
be inserted as an “additional word' at an end of the modified 
sequence to obtain a new sequence. In an off-the-spot input 
configuration, the first area is part of the text editing area and 
the second area is part of a text suggestion area. In this case, 
both the text editing area and the text suggestion area are 
separate from the text input area, and the second area/text 
Suggestion area could also be referred to as the text editing 
area. In the inline input configuration, the first area (the text 
editing area) is part of the text input area. The second area is 
part of a text Suggestion area, which in this case is separate 
from the first area/text editing area/text input area. 
0039 Referring now to FIG. 2, a functional block diagram 
of the computing device 100 is illustrated. The computing 
device 100 can include a user interface 200, a user interface 
control module 204, a processor 208, and a communication 
module 212. It should be appreciated that the computing 
device 100 can also include other suitable components such 
as memory and/or one or more additional processors. The 
user interface control module 204 and the communication 
module 212 can also be executed entirely or partially by the 
processor 208 (or two or more processors, depending on the 
configuration). 
0040. The user interface 200 provides information to, and 
receives input from, the user 108. The user interface 200 can 
include the display 104 and a keyboard 216. As previously 
mentioned, the display 104 can be a touch display that pro 
vides information to the user 108 and receives input from the 
user 108. It should be appreciated that the user interface 200 
can also include other components 220 suitable for interac 
tion with the user 108, such as a mouse, one or more buttons, 
one or more audio components, and/or a vibrator. 
0041. The user interface control module 204 controls the 
user interface 200. Specifically, the user interface control 
module 204 can control the information provided to the user 
108, e.g., at the display 104. The user interface control mod 
ule 204 can also interpret the input from the user 108 at the 
user interface 200. For example, the user interface control 
module 204 can determine one or more characters input by 
the user 108. The user interface control module 204 can also 
execute the techniques of the present disclosure. More spe 
cifically, the user interface control module 204 can provide a 
predictive IME that performs transliteration according to 
either an off-the-spot input configuration or an inline input 
configuration. 
0042. As previously mentioned, the processor 208 can 
entirely or partially execute the modules of the computing 
device 100, e.g., the user interface control module 204. The 
processor 208 can also control other functions of the comput 
ing device 100, including but not limited to, loading an oper 
ating system of the computing device 100 and controlling 
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memory storage/retrieval operations, e.g., loading IME and/ 
or communication parameters. 
0043. The communication module 212 controls commu 
nication between the computing device 100 and other 
devices. Specifically, the communication module 212 may be 
configured for communication via a network 116. The net 
work 116 can include a local area network (LAN), a wide area 
network (WAN), e.g., the Internet, or a combination thereof. 
The communication module 212 can also be configured for 
communication via one or more of a plurality of different 
mediums, e.g., radio frequency and satellite. 
0044) Referring now to FIG.3, a functional block diagram 
of the user interface control module 204 is illustrated. The 
user interface control module 204 can include an input deter 
mination module 300, an input prediction module 304, a 
transliteration module 308, a scoring module 312, a sequence 
generation module 316, a selection module 320, and a display 
control module 324. It should be appreciated that the user 
interface control module 204 can also include other compo 
nents such as memory. As previously described, the modules 
of the user interface control module 204 could be executed 
entirely or partially by the processor 208 (or two or more 
processors, depending on the configuration). 
0045. The input determination module 300 receives the 

first input from the user 108. The first input can include one or 
more characters in the first language, e.g., Pinyin. The trans 
literation module 308 determines the plurality of first words 
in the second language based on the first input. The plurality 
of first words in the second language can represent potential 
transliterations of a plurality of second words, respectively. 
The input prediction module 304 can determine the plurality 
of second words based on the first input. Each of the plurality 
of second words can represent a potential word beginning 
with the one or more characters. For example only, the one or 
more first characters could be “he” and the plurality of second 
words could include “he”, “hell, and “hello'. 
0046. The scoring module 312 can generate a probability 
score for each of the plurality of first words using a language 
model. The language model could be pre-loaded at the com 
puting device 100, downloaded via the network 116, or a 
combination thereof. For example only, the language model 
may be a datastore including, for each of a plurality of differ 
ent languages, a plurality of different words and potential 
transliterations for each word. Each probability score indi 
cates a likelihood that (i) a specific second word correspond 
ing to the specific first word is an appropriate word beginning 
with the one or more first characters and (ii) the specific first 
word is an appropriate transliteration of the specific second 
word. 
0047. In some implementations, the sequence generation 
module 316 can determine a first sequence of words based on 
the plurality of first words and their corresponding probabil 
ity Scores. The first sequence of words can include the plu 
rality of first words being ordered (or ranked) from a highest 
relative probability score to a lowest relative probability 
score. The selection module 320 can select a first word from 
the first sequence of words, where the first word has the 
highest relative probability score. After removing the first 
word from the first sequence of words to obtain a modified 
first sequence of words, the sequence generation module 316 
can generate a second sequence of words based on the modi 
fied first sequence of words and an additional word compris 
ing the one or more first characters. In this manner, the addi 
tional word represents an exact string of characters that the 
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user 108 inputs to the computing device 104. The additional 
word, however, may be an incomplete word. In other words, 
the one or more first characters may only represent a partial 
word. The second sequence of words can include the addi 
tional word as a last word in the second sequence of words, 
e.g., inserted as a last entry in the second sequence of words. 
0048. The display control module 324 controls the display 
104 of the user interface 200. The display control module 324 
can provide the first word from the first sequence of words in 
a first area of the display 104. The display control module 324 
can provide the second sequence of words and corresponding 
indications of their relative probability scores in a second area 
of the display 104. For example, the indications of the relative 
probabilities can be numbering, e.g., “1” for the highest rela 
tive probability and so on. Depending on the input configu 
ration, e.g., off-the-spot V.S. inline, the first area can be differ 
ent than the text input area. 
0049. In some implementations, however, the selection 
module 320 can select one of the plurality of first words 
having the highest probability to obtain a selected first word 
and not generate the first or second sequences of words. The 
display control module 324 can then provide the selected first 
word in a first area of the display 104. The display control 
module 324 can also provide (i) a remainder of the plurality of 
first words and corresponding indications of their relative 
probability scores and (ii) the one of more first characters and 
a corresponding indication of a lowest probability score, in a 
second area of the display 104. Depending on the input con 
figuration, e.g., off-the-spot vs. inline, the first area can be 
different than the text input area. 
0050. The display control module 324 can alternatively 
provide a subset of the second sequence of words (or the 
remainder of the plurality of first words). More specifically, 
due to size constraints of the display 104, there may be more 
possible words than are able to be shown on the display 104. 
In this case, the display control module 324 can provide a 
Subset of the second sequence of words. The Subset can 
include words having the highest relative probabilities. The 
subset, however, can have the one or more first characters (the 
additional or partial word) as a last entry, as previously 
described. For example only, if the second sequence of words 
includes ten words and the display 104 is capable of display 
ing five words, the display control module 324 can provide 
the subset including the top four words from the second 
sequence of words plus the additional or partial word. 
0051. After providing the information to the user 108 at 
the display 104, the user 108 could also provide second input 
at the user interface 200. The second input can indicate a 
selection by the user 108 of one of the second sequence of 
words (or the remainder of the plurality of first words), i.e., 
not the first word/selected word. The input determination 
module 300 can determine the word or the one or more 
characters (the additional or partial word) selected by the user 
108 based on the second input. The display control module 
324 can then provide the selected word or the selected one or 
more characters at the display 104, e.g., in the first area of the 
display. 
0.052 Referring now to FIGS. 4A-4B, example informa 
tion provided to the user 108 at the display 104 of the com 
puting device 100 is illustrated. The example words and char 
acters illustrated in FIGS. 4A-4B include both Hindi and 
English. 
0053 FIG. 4A illustrates an off-the-spot input configura 
tion 400 that can be provided to the display 104. The off-the 
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spot input configuration 400 includes a text input area 404 and 
a text editing area 408. The text input area 404 can include a 
cursor 412. The text input area 404 represents the area where 
text appears after editing (or selection) for a word is complete. 
A first area of the text editing area 408 is generally referenced 
as 416. The first area 416 includes the first word/selected 
word (as previously described). More specifically, the first 
area 416 includes the one of the plurality of first words having 
the highest relative probability score. A second area of the text 
editing area 408 is generally referenced as 420. The second 
area 420 displays the second sequence of words and their 
corresponding indicators. For example, a first entry in the 
second sequence of words is referenced as 424 and its corre 
sponding indicator (“1”) is referenced as 428. At the end of 
the second sequence of words is the one of more first charac 
ters (“namaste', also referred to as the “additional word”), 
referenced as 432, and its corresponding indicator 436 (“5”). 
Alternatively, the second area 420 can be described as dis 
playing the remainder of the first plurality of words and their 
corresponding indicators and the one or more first characters 
(the “additional word 432) and its corresponding indicator 
436. 

0054 FIG.4B, on the other hand, illustrates an inline input 
configuration 450. The inline input configuration 450 
includes a text input area 454 and a text editing area 458. The 
text input area 454 can include a cursor 462. A first area of the 
text editing area 458 is generally referenced as 466. The first 
area 466 includes the first word/selected word (as previously 
described). More specifically, the first area 466 includes the 
one of the plurality of first words having the highest relative 
probability Score. In other words, in the inline input configu 
ration 450 the first area 466 (the first word/selected word) 
appears inline with the text input area 454. A second area of 
the text editing area 408 is generally referenced as 470. The 
second area 470 displays the second sequence of words and 
their corresponding indicators. For example, a first entry in 
the second sequence of words is referenced as 474 and its 
corresponding indicator (“1”) is referenced as 478. At the end 
of the second sequence of words is the one of more first 
characters (“namaste', also referred to as the “additional 
word'), referenced as 482, and its corresponding indicator 
486 (“5”). Alternatively, the second area 470 can be 
described as displaying the remainder of the first plurality of 
words and their corresponding indicators and the one or more 
first characters (the “additional word 482) and its corre 
sponding indicator 486. 
0055 Referring now to FIG. 5, an example technique 500 
for a predictive IME is illustrated. At 504, the user interface 
200 can receive the first input from the user 108. The first 
input can include one or more first characters in the first 
language, e.g., Pinyin. At 508, the user interface control mod 
ule 204 can determine the plurality of first words in the second 
language, e.g., Chinese, based on the first input. The plurality 
of first words can represent potential transliterations of the 
plurality of second words from the first language to the sec 
ond language, respectively. Each of the plurality of second 
words can be potential words beginning with the one or more 
first characters. 

0056. At 512, the user interface control module 204 can 
determine the probability score for each of the plurality of 
first words using the language model. The probability score 
for a specific first word can indicate a likelihood that (i) a 
specific second word corresponding to the specific first word 
is an appropriate word beginning with the one or more first 
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characters and (ii) the specific first word is an appropriate 
transliteration of the specific second word. At 516, the user 
interface control module 204 can determine one of the plu 
rality of first words having a highest relative probability score 
to obtain the selected first word. 

0057. At 520, the user interface control module 204 can 
provide the selected first word in the first area at the display 
104 of the computing device 100. At 524, the user interface 
control module 204 can provide (i) the remainder of the 
plurality of first words and corresponding indications of their 
relative probability scores and (ii) the one of more first char 
acters and the corresponding indication of the lowest prob 
ability score, in the second area at the display 104 of the 
computing device 100. The technique 500 can then end or 
return to 504 for one or more additional cycles. 
0.058 Referring now to FIG. 6, another example technique 
600 for a predictive IME is illustrated. At 604, the user inter 
face 200 can receive the first input including one or more first 
characters in the first language, e.g., Pinyin. At 608, the user 
interface control module 204 can determine the plurality of 
first words in the second language, e.g., Chinese, based on the 
first input. The plurality of first words can represent potential 
transliterations of the plurality of second words from the first 
language to the second language, respectively. Each of the 
plurality of second words can be a potential word beginning 
with the one or more first characters. 

0059. At 612, the user interface control module 204 can 
determine the probability score for each of the plurality of 
first words using a language model. The probability score for 
a specific first word can indicate a likelihood that (i) a specific 
second word corresponding to the specific first word is an 
appropriate word beginning with the one or more first char 
acters and (ii) the specific first word is an appropriate trans 
literation of the specific second word. At 616, the user inter 
face control module 204 can determine the first sequence of 
words based on the plurality of first words and their corre 
sponding probability scores. The first sequence of words can 
include the plurality of first words being ordered from a 
highest relative probability score to a lowest relative prob 
ability score. 
0060. At 620, the user interface control module 204 can 
remove a first word from the first sequence of words to obtain 
a modified first sequence of words. The first word can be one 
of the first sequence of words having the highest relative 
probability score. A 624, the user interface control module 
204 can generate the second sequence of words based on the 
modified first sequence of words and the additional word 
comprising the one or more first characters. The second 
sequence of words can include the additional or partial word 
as a last word in the second sequence of words. 
0061. At 628, the user interface control module 204 pro 
vides the first word from the first sequence of words in the first 
area at the display 104 of the computing device 100. At 632, 
the user interface control module 204 provides the second 
sequence of words and corresponding indications of their 
relative probability scores in the second area at the display 
104 of the computing device. The second area can be different 
than the first area. At 636, the user interface 200 receives the 
second input indicating a selection by the user of the first 
word or one of the second sequence of words. At 640, the user 
interface control module 204 provides the word or the one or 
more characters indicated by the second input. The technique 
can then end or return to 604 for one or more additional 
cycles. 
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0062) Example embodiments are provided so that this dis 
closure will be thorough, and will fully convey the scope to 
those who are skilled in the art. Numerous specific details are 
set forth Such as examples of specific components, devices, 
and methods, to provide a thorough understanding of embodi 
ments of the present disclosure. It will be apparent to those 
skilled in the art that specific details need not be employed, 
that example embodiments may be embodied in many differ 
ent forms and that neither should be construed to limit the 
Scope of the disclosure. In some example embodiments, well 
known procedures, well-known device structures, and well 
known technologies are not described in detail. 
0063. The terminology used herein is for the purpose of 
describing particular example embodiments only and is not 
intended to be limiting. As used herein, the singular forms 
“a,” “an, and “the may be intended to include the plural 
forms as well, unless the context clearly indicates otherwise. 
The term “and/or includes any and all combinations of one 
or more of the associated listed items. The terms “comprises.” 
“comprising.” “including, and "having are inclusive and 
therefore specify the presence of stated features, integers, 
steps, operations, elements, and/or components, but do not 
preclude the presence or addition of one or more other fea 
tures, integers, steps, operations, elements, components, and/ 
or groups thereof. The method steps, processes, and opera 
tions described herein are not to be construed as necessarily 
requiring their performance in the particular order discussed 
or illustrated, unless specifically identified as an order of 
performance. It is also to be understood that additional or 
alternative steps may be employed. 
0064. Although the terms first, second, third, etc. may be 
used herein to describe various elements, components, 
regions, layers and/or sections, these elements, components, 
regions, layers and/or sections should not be limited by these 
terms. These terms may be only used to distinguish one ele 
ment, component, region, layer or section from another 
region, layer or section. Terms such as “first,” “second and 
other numerical terms when used herein do not imply a 
sequence or order unless clearly indicated by the context. 
Thus, a first element, component, region, layer or section 
discussed below could be termed a second element, compo 
nent, region, layer or section without departing from the 
teachings of the example embodiments. 
0065. As used herein, the term module may refer to, be 
part of or include: an Application Specific Integrated Circuit 
(ASIC); an electronic circuit; a combinational logic circuit; a 
field programmable gate array (FPGA); a processor or a dis 
tributed network of processors (shared, dedicated, or 
grouped) and storage in networked clusters or datacenters that 
executes code or a process; other Suitable components that 
provide the described functionality; or a combination of some 
or all of the above. Such as in a system-on-chip. The term 
module may also include memory (shared, dedicated, or 
grouped) that stores code executed by the one or more pro 
CSSOS. 

0066. The term code, as used above, may include soft 
ware, firmware, byte-code and/or microcode, and may refer 
to programs, routines, functions, classes, and/or objects. The 
term shared, as used above, means that some or all code from 
multiple modules may be executed using a single (shared) 
processor. In addition, Some or all code from multiple mod 
ules may be stored by a single (shared) memory. The term 
group, as used above, means that some or all code from a 
single module may be executed using a group of processors. 
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In addition, some or all code from a single module may be 
stored using a group of memories. 
0067. The techniques described herein may be imple 
mented by one or more computer programs executed by one 
or more processors. The computer programs include proces 
sor-executable instructions that are stored on a non-transitory 
tangible computer readable medium. The computer programs 
may also include stored data. Non-limiting examples of the 
non-transitory tangible computer readable medium are non 
Volatile memory, magnetic storage, and optical storage. 
0068. Some portions of the above description present the 
techniques described herein in terms of algorithms and sym 
bolic representations of operations on information. These 
algorithmic descriptions and representations are the means 
used by those skilled in the data processing arts to most 
effectively convey the substance of their work to others 
skilled in the art. These operations, while described function 
ally or logically, are understood to be implemented by com 
puter programs. Furthermore, it has also proven convenient at 
times to refer to these arrangements of operations as modules 
or by functional names, without loss of generality. 
0069. Unless specifically stated otherwise as apparent 
from the above discussion, it is appreciated that throughout 
the description, discussions utilizing terms such as “process 
ing or “computing or "calculating or “determining or 
“displaying or the like, refer to the action and processes of a 
computer system, or similar electronic computing device, 
that manipulates and transforms data represented as physical 
(electronic) quantities within the computer system memories 
or registers or other Such information storage, transmission or 
display devices. 
0070 Certain aspects of the described techniques include 
process steps and instructions described herein in the form of 
an algorithm. It should be noted that the described process 
steps and instructions could be embodied in software, firm 
ware or hardware, and when embodied in software, could be 
downloaded to reside on and be operated from different plat 
forms used by real time network operating systems. 
0071. The present disclosure also relates to an apparatus 
for performing the operations herein. This apparatus may be 
specially constructed for the required purposes, or it may 
comprise a general-purpose computer selectively activated or 
reconfigured by a computer program Stored on a computer 
readable medium that can be accessed by the computer. Such 
a computer program may be stored in a tangible computer 
readable storage medium, Such as, but is not limited to, any 
type of disk including floppy disks, optical disks, CD-ROMs, 
magnetic-optical disks, read-only memories (ROMs), ran 
dom access memories (RAMs), EPROMs, EEPROMs, mag 
netic or optical cards, application specific integrated circuits 
(ASICs), or any type of media suitable for storing electronic 
instructions, and each coupled to a computer system bus. 
Furthermore, the computers referred to in the specification 
may include a single processor or may be architectures 
employing multiple processor designs for increased comput 
ing capability. 
0072 The algorithms and operations presented herein are 
not inherently related to any particular computer or other 
apparatus. Various general-purpose systems may also be used 
with programs in accordance with the teachings herein, or it 
may prove convenient to construct more specialized appara 
tuses to perform the required method steps. The required 
structure for a variety of these systems will be apparent to 
those of skill in the art, along with equivalent variations. In 
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addition, the present disclosure is not described with refer 
ence to any particular programming language. It is appreci 
ated that a variety of programming languages may be used to 
implement the teachings of the present disclosure as 
described herein, and any references to specific languages are 
provided for disclosure of enablement and best mode of the 
present invention. 
0073. The present disclosure is well suited to a wide vari 
ety of computer network systems over numerous topologies. 
Within this field, the configuration and management of large 
networks comprise storage devices and computers that are 
communicatively coupled to dissimilar computers and stor 
age devices over a network, Such as the Internet. 
0074 The foregoing description of the embodiments has 
been provided for purposes of illustration and description. It 
is not intended to be exhaustive or to limit the disclosure. 
Individual elements or features of a particular embodiment 
are generally not limited to that particular embodiment, but, 
where applicable, are interchangeable and can be used in a 
selected embodiment, even if not specifically shown or 
described. The same may also be varied in many ways. Such 
variations are not to be regarded as a departure from the 
disclosure, and all such modifications are intended to be 
included within the scope of the disclosure. 
What is claimed is: 
1. A computer-implemented method comprising: 
obtaining, at a computing system having a display and one 

or more processors, one or more source characters in a 
Source language; 

obtaining, by the computing system, a plurality of target 
words in a target language representing potential trans 
literations of a plurality of source words from the source 
language, each of the plurality of Source words begin 
ning with the one or more source characters; 

obtaining, by the computing system, a selected target word 
having a highest likelihood that (i) a specific source 
word corresponding to the selected target word is an 
appropriate source word beginning with the one or more 
Source characters and (ii) the selected target word is an 
appropriate transliteration of the specific second word; 

outputting, in a first area of the display, the selected target 
word; and 

outputting, in a second area of the display, (i) a remainder 
of the plurality of target words and corresponding indi 
cations of their relative likelihoods and (ii) the one or 
more source characters and a corresponding indication 
of a lowest relative likelihood. 

2. The computer-implemented method of claim 1, wherein 
the first and second areas are arranged in an off-the-spot 
configuration. 

3. The computer-implemented method of claim 2, wherein 
the first and second areas are located within a text editing area, 
the text editing area being separate from a text input area. 

4. The computer-implemented method of claim3, wherein 
the first area is located above the second area within the text 
editing area and below the text input area. 

5. The computer-implemented method of claim 1, wherein 
the first and second areas are arranged in an inline configu 
ration. 

6. The computer-implemented method of claim 5, wherein 
the first area is a text input area, and wherein the second area 
is a text editing area located below the first area. 

7. The computer-implemented method of claim 1, further 
comprising determining, by the computing system, a prob 
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ability score for each of the plurality of target words using a 
language model, the probability score for a specific target 
word indicating its likelihood. 

8. A computing system having a display and at least one or 
more processors, the computing system configured to per 
form operations comprising: 

obtaining one or more source characters in a source lan 
gllage. 

obtaining a plurality of target words in a target language 
representing potential transliterations of a plurality of 
Source words from the source language, each of the 
plurality of source words beginning with the one or more 
Source characters; 

obtaining a selected target word having a highest likeli 
hood that (i) a specific source word corresponding to the 
Selected target word is an appropriate source word 
beginning with the one or more source characters and (ii) 
the selected target word is an appropriate transliteration 
of the specific second word; 

outputting, in a first area of the display, the selected target 
word; and 

outputting, in a second area of the display, (i) a remainder 
of the plurality of target words and corresponding indi 
cations of their relative likelihoods and (ii) the one or 
more source characters and a corresponding indication 
of a lowest relative likelihood. 

9. The computing system of claim 8, wherein the first and 
second areas are arranged in an off-the-spot configuration. 

10. The computing system of claim 9, wherein the first and 
second areas are located within a text editing area, the text 
editing area being separate from a text input area. 

11. The computing system of claim 10, wherein the first 
area is located above the second area within the text editing 
area and below the text input area. 

12. The computing system of claim 8, wherein the first and 
second areas are arranged in an inline configuration. 

13. The computing system of claim 12, wherein the first 
area is a text input area, and wherein the second area is a text 
editing area located below the first area. 

14. The computing system of claim 8, wherein the opera 
tions further comprise determining a probability score for 
each of the plurality of target words using a language model, 
the probability Score for a specific target word indicating its 
likelihood. 

15. A non-transitory computer-readable medium having 
instructions stored thereon that, when executed by one or 
more processors of a computing system, cause the computing 
system to perform operations comprising: 

obtaining one or more source characters in a source lan 
gllage. 

obtaining a plurality of target words in a target language 
representing potential transliterations of a plurality of 
Source words from the source language, each of the 
plurality of source words beginning with the one or more 
Source characters; 

obtaining a selected target word having a highest likeli 
hood that (i) a specific source word corresponding to the 
Selected target word is an appropriate source word 
beginning with the one or more source characters and (ii) 
the selected target word is an appropriate transliteration 
of the specific second word; 

outputting, in a first area of a display of the computing 
system, the selected target word; and 
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outputting, in a second area of the display, (i) a remainder 
of the plurality of target words and corresponding indi 
cations of their relative likelihoods and (ii) the one or 
more source characters and a corresponding indication 
of a lowest relative likelihood. 

16. The computer-readable medium of claim 15, wherein 
the first and second areas are arranged in an off-the-spot 
configuration. 

17. The computer-readable medium of claim 16, wherein 
the first and second areas are located within a text editing area, 
the text editing area being separate from a text input area. 

18. The computer-readable medium of claim 17, wherein 
the first area is located above the second area within the text 
editing area and below the text input area. 

19. The computer-readable medium of claim 15, wherein 
the first and second areas are arranged in an inline configu 
ration. 

20. The computer-readable medium of claim 11, wherein 
the first area is a text input area, and wherein the second area 
is a text editing area located below the first area. 

k k k k k 
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